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ABSTRACT 


ARCTIC ICE DYNAMICS JOINT EXPERIMENT 1975-1976 
PHYSICAL OCEANOGRAPHY DATA REPORT 
PROFILING CURRENT METER DATA - CAMP CARIBOU 
VOLUME 1 
by T.O. Manley, Kenneth Hunkins, and Werner Tiemann 


The cceanographic program of the 1975-1976 ARCTIC ICE DYNAMIC 
JOINT EXPERIMENT (AIDJEX) was designed to investigate the Arctic Ocean 
on space scales of 100 kilometers in the horizontal and hundreds of meters in 
the vertical. This was accomplished with oceanographic observations from 
a triangular array of three smaller manned satellite camps with a centrally 
located larger main camp. The radio call signs of the satellite camps were 
Caribou, Blue Fox, and Snowbird, the main camp being designated Big Bear. 

Profiles of relative current speed and direction were measured twice 
each day between the surface and 200 meters at each of the four camps. A 
profiling current meter (PCM) with speed, direction and depth sensors was 
lowered and retrieved with a multi-conductor cable at a slow rate of 5 meters 
per minute. Sensor signals were transmitted by cable to be recorded graph- 
ically and digitally at the surface. Digital recording of the data at a slow 
rate of 1 scan per half minute along with a low signal-to-noise ratio made it 
preferable to manually digitize the analog charts to preserve as much infor- 
mation as possible. 

The final data set consisting of absolute velocity profiles of speed 
and direction was obtained by the vector addition of the relative PCM pro- 
files with the interpolated ice velocity based on precise satellite navigation 
at the time of the observation. Data reduction problems included a hyster- 
esis effect between up and down traces due to cable angie, directional spikes 


resulting from a rapid sensor package rotation, and spurious results when 


low velocities are added vectorially. 
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Relative speed between the ice and water in the upper mixed layer is 
often small indicating that this layer closely follows the ice motion. Persistent 
large clockwise shears in relative current direction occur sometimes in the 
mixed layer, attaining up to 540 degrees of rotation. These are best seen in 
the relative velocity data. Upon the addition of the ice velocity vector, to 
produce absolute velocities, the smooth relative directional shear of the Ekman 
Spiral then exhibits local shears and speed minimums. This is due to the di- 
rections and speeds in the spiral being opposite or nearly opposite to the ice 
velocity vector and of comparable magnitude. 

One of the most striking features of the current profiles is the appear- 
ance from time to time of swift currents below the mixed layer with speeds at- 
taining 60 cm/sec. The depth of maximum velocity ranges from 80 to 190 
meters. Although evidence of swift transient undercurrents had been ob- 
served in the Arctic Ocean as early as 1937, it was not until 1974 that these 
currents were shown to be associated with mesoscale eddies. 

This data report deals only with the absolute velocity data obtained 
from the profiling current meter at Camp Caribou. PCM data for Camps Blue 
Fox, Snowbird and Big Bear are in separate volumes (Manley et al., 1980). 
Data reports pertaining to the salinity-temperature-depth (STD) data taken 


at the manned AIDJEX camps are also in separate volumes (Bauer et al., 1980). 
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INTRODUCTION 


The objective of the AIDJEX oceanographic program was to monitor 
velocity and mass fields in the upper levels of the Arctic Ocean from the four 
manned camps in order to provide an understanding of the interaction between i 
ice and water. H 

The initial deployment of the manned camps began in March of 1975 a 
with the establishment of the main camp, Big Bear. The satellite camps were ; 
then established during the next month and a half. The scientific program 
at each camp began as soon after its establishment as possible. Inclusive 
dates for the beginning and ending of the profiling current meter work done 
at each camp is listed in Table 1. Big Bear broke up in early October of 


1975 and its scientific and logistic functions were transferred to the satellite 


eS 


camp Caribou. All of the other camps remained in operation until the closing, 
according to schedule, in May 1976. Figure 1 shows the position of the camps 


during the initial deployment in March of 1975. 


The drift tracks that each camp made during the duration of the ex- 
periment are shown in Figures 2 through 5. A thumbnail sketch locates the 
plotted region with respect to the Alaskan and Canadian coasts. The aster- 
isks indicate the positions at integral multiples of 20 days. The beginning 
and ending days are noted for each trajectory. A dashed line indicates a 
period of missing data. The region is 500 kilometers by 500 kilometers 


aligned with the x-y coordinate system shown in Appendix 1. Figures 2-5 


were taken from Thorndike and Cheung, 1977. 
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The largest horizontal scale sampled by the PCM observations was 
the nominal 100 kilometer spacing of the manned camps, the smallest was the 
distance between successive casts at one camp. The maximum vertical scale 
sample was limited by the 200 meter depth of the profiling current meter casts. 
The smallest vertical scale sampled was about 10 meters and was determined 
by the response rate of the instrument and its rate of ascent and descent. 
The AIDJEX oceanographic program maintained fixed-mast current 


meters of uniform type (Hydro Products) at all camps at shallow depths in the 


planetary boundary layer. The fixed-mast current meters at each camp were 
suspended on a series of rigid 3 meter, 7.5cm diameter, PVC sections at depths 
of 2 and 30 meters below the base of the ice. Hourly averages pertaining to 
the fixed-mast current meters can be obtained through the National Oceano- 
graphic Data Center. 

The directional sensors of the fixed-mast current meters were refer- 
enced to the instrument case and therefore had to be referenced to the camp 
azimuth to provide directions relative to true north. This was accomplished 
by accurately drilling the coupling holes at the ends of the PVC pipe by a 
lathe. When the current meter was suspended at its correct depth, the top 
drill hole of the pipe was then aligned to a fixed point in the camp area. A 
simple correction angle could then be applied to the fixed-mast data relating 
their direction to the camp azimuth. 

Profiling instrumentation consisted of a Tsurumi-Seiki Co., Ltd. 
(TSK) underwater unit with a Savonius rotor, directional vane and pressure 


sensor. The unit was raised and lowered at 5 meters per minute by an electric 
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winch. The rate was chosen after several experiments to determine rotor 
response with different axial velocities. Current direction in this instru- 
ment was referenced to an internal magnetic compass. The direction vane 
follower and compass were both operated on the "light encoding disk” prin- 
ciple and were therefore not subject to unnecessary drag caused by the usual 
wiper arm friction. Low bearing friction and viscosity of the fluid surround- 
ing the compass were the only components of drag on the directional system. 
This is an important factor since the horizontal component of the earth's mag- 
netic field is so weak at these high latitudes. 

Data from the PCM were simultaneously recorded on an analog chart 
recorder with speed, direction and depth versus time and on the AIDJEX dig- 
ital data logging system (DDL). The data pertaining to the fixed-mast cur- 
rent meters were also recorded on the AIDJEX DDL system as well as on a 
multipoint recorder. The scan rate of the DDL (30 seconds) was acceptable 
for sensors obtaining long time series such as the fixed-mast current meters, 
but was not fast enough for the rapidly changing signals of the PCM. 

Magnetic declination was measured one or more times each day at all 
the camps. These measurements were calculated by a relationship between 
the true and magnetic bearings of the camp azimuth. The camp azimuth was 
defined as an imaginary directed line passing through the A and B antennas 
of the satellite navigation system. The bearing of the camp azimuth, as re- 
lated to true north, was determined by sun shots taken by the meteorologists. 
The magnetic bearing was obtained using an accurate surveyors compass 
placed directly in line with the camp azimuth. Magnetic declinations taken 


in this manner were good to plus or minus one-half a degree. 
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A total of 2084 PCM stations were obtained at the four camps over the 
yearlong duration of the program, each station consisting of an uptrace and 
downtrace. Of these, 1174 stations were useable. Stations that were not 
acceptable had relative currents that were below the threshold velocity of the 
instrument (approximately 5em/sec). Table 1 shows the breakdown of the 
total stations at each of the camps with those used in the final data reports. 
A listing of all the stations taken at the camp along with other associated pa- 


rameters (dates, position, ...) is reported under the section "PCM STATION 


LISTING.” 


PCM RELIABILITY 


Generally, all of the stations that have been processed show good 
coherence between the uptrace and downtrace of the relative velocity profiles 
on the scale of 10 meters or more. In many cases, the short wavelength 
structures can be followed from one station to the next. No spectral studies 
have, as of yet, been completed on the data to statistically confirm these ob- 
servations. It appears, however, that repeatability of the data is very good 
on the scale of 20 meters and greater. 

Similarity of directional tracking between the down and uptraces was 
rather good provided that the current speed was greater than 5cm/sec. As 
the speed increased, the tracking of direction became very uniform as can be 
seen during any of the stations where rapid currents or eddies were observed. 
Below the velocity of 5cm/sec, the directional vane oscillates widely and the 
coherence between traces falls off rapidly. 

The one major problem associated with the PCM at all of the camps 
was the sluggishness of the Savonius rotor when compared with the Savonius 
rotors of the higher quality Hydro Products fixed-mast meters. We feel that 
this problem, since it was observed at all of the camps, was inherent in the 
design of the rotor system itself and was most likely due to bearing drag. 
Because of this problem of velocity data being less than suggested manufac- 
turers' limits, great care was taken from the beginning to calibrate the PCM 
velocity readings at every station against the more accurate velocity readings 
of the 30 meter fixed-mast sensor. Experience from a number of investigators 


has shown that Savonius rotors with free bearings and uniform manufacture do 
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not need individual tank testing. A universal calibration curve may be used 
as was done for the Hydro Products meters. The Hydro Products Savonius 
rotor units had exceptionally good bearings and were used for calibration. 
The velocity of the 30 meter fixed-mast sensor and the velocity reading of the 
PCM were recorded at the instant that the two sensors were at the same depth 
level during each cast. 

Calibration of the PCM velocity sensor was accomplished by linear re- 
gression between the PCM and 30 meter velocity readings over fairly large 
blocks of time (10 to 20 days). The blocks were separated into up and down- 
traces due to the presence of a hysteresis effect caused by the raising and 
lowering of the PCM through a current. In effect, a higher velocity would 
be recorded at any one level on the uptrace because of the sensor beuig 
pulled through the current. The opposite would be true for the downtrace. 
Large data blocks were used in the calibration procedure in order to (1) 
obtain enough data points over a wide range of speeds, and (2) average out 
random noise due to turbulence and/or human recording errors. 

The mean coefficient of determination was calculated to be 0.87 with 
a standard deviation of 0.08. This indicates a high degree of correlation be- 
tween the two Savonius rotors. Figure 6 shows a typical regression diagram 


used in the calibration of the speed sensor at camp Big Bear. 
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Figure 6. Linear regression diagram taken from a segment in the 
speed calibration from camp Big Bear. 
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INITIAL DATA REDUCTION 


In addition to the calibration of the raw velocity data of the PCM, 
directional calibration, values for magnetic declination through time, and 
digitized card decks of the analog data had to be obtained before reduction 
could begin. 

The PCM deck unit produced directional output from 0 to 540 degrees. 
This was designed to eliminate the rapid pen oscillations (zero to full scale) 
commonly seen on the 0 to 360 degree outputs when the directional vane oscil- 
lates around 0 degrees. There were only two instances when rapid pen move- 
ment was observed on the analog charts. The first being a shift from 0 de- 
grees to 360 degrees and the second being a shift from 540 degrees to 180 de- 
grees. On the basis of these exact snift points for 0 and 540 degrees, cali- 
bration segments throughout time were made that would correct direction for 
any linear drifts or sudden offsets. Linear drifting of the zero and full scale 
settings in time were not evident or did not account significantly for changes 
in the calibration data. As a result, bounds of the calibration segments were 
chosen because of sudden offsets in the data. 

Magnetic declination data were originally taken once every day at each 


camp and then increased to once every time a profiling current meter station 


was taken. Readings obtained from a surveyor's compass aligned with the 
camp azimuth were combined with the camp azimuth determination closest in 
time to determine magnetic declination. The reduction of magnetic declination 
information was done so as to create blocks of data points that were separated 


by naturally occurring breaks caused Dy rapid ice movement. An average 
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magnetic declination was then computed for each data block representing a 


short span in time for each camp. In these data sets, very few points fell 
outside a span range of 3 degrees. Magnetic declination data obtained in 
this manner were accurate to within the plus or minus 6 degree accuracy 
limits for the PCM directional system. Final magnetic declination was then 7 
used to convert original PCM directional data (referenced to magnetic north) 
to true direction. 
Finally, the analog chart records were digitized. Generally, each } 
station consisted of a downtrace and uptrace unless one or the other had been 
rejected because of insufficient current or recorder problems. The points 
taken for digitization on each of the output traces for speed, direction and 
depth were the maxima, minima and inflection points, with enough points in 
between to preserve the proper curvature. Digitization provides some 
smoothing of the data. However, data with a scale length of greater than 
2 meters were not affected. 
The AIDJEX digital data logger tapes were not used for PCM data 
reduction due to a predesigned sampling rate of the computer that was too 
slow for the rate at which the PCM was lowered. Excessive noise along the 
data transmission lines also was a main factor in not attempting to reduce the 
tape data for the PCM. 
Due to the convention adopted by the AIDJEX staff and other insti- 
tutions responsible for the reduction of data taken during the main AIDJEX 
experiment, time was converted to a Julian calendar system with day 1 = 1 
January 1975 and ending with day 500 = 4 May 1976. Throughout this data 
report, time in AIDJEX days is frequently cited. A list of the AIDJEX days 


versus the normal Gregorian system was tabulated in Appendix 3. 
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COMPUTER REDUCTION 


Computer reduction involved quality control and calibration of the 
relative traces. The final product was absolute velocity consisting of speed 
and direction at one meter intervals to the maximum depth of the station. 

The flow diagram shown in Figure 7 indicates the sequence of operations used 
to produce the absolute data. 

Once a large block of digitized data, consisting of up and down traces 


was completed, several quality control programs were run on the data. These 


programs checked for various mechanical and operator errors. After all prob- 


lems were removed from the digitized decks, they were stored permanently in 
computer files. 

Relative data were then produced for the individual up and down 
traces for all stations. Velocity and directional corrections were applied to 
the data to provide calibrated speed referenced to the Hydro Products 30 
meter fixed-mast sensor and correctior for directional offset and full scale 
parameters. Direction at this point in the processing was relative to true 
north by the addition of magnetic declination. The data set being produced 
consisted of individual traces with speed and direction at one meter intervals. 

As reduction of the data proceeded. it became apparent that there 
were frequent, rapid 360 degree directional rotations and corresponding fluc- 
tuations in speed which were caused by the instrument (Figure 8). This 
feature appeared to be inconsistent with. or entirely absent from, the associ- 
ated ip or downtrace for a given station. Further investigation of this fea- 


ture showed it to be an artifact induced into the analog records by a vapid 
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Spinning of the sensor package. The reason for the rotation of the sensor 
is believed to be a rapid untwisting of the stiff electrical cable after it had 
been slowly turned by hydrodynamic forces acting on the slight asymmetries 
of the instrument package. 

Even though the direction system of the PCM was independent of the 
instrument package, the viscosity of the fluid surrounding the compass pro- 
vided enough friction to partially rotate it along with the instrument housing. 

Approximately 70 percent of the analog traces had been digitized by 
the time this feature had been recognized as an instrument-induced signal. 
Nearly half of these digitized traces were associated with one or more of the 
directional features. The remaining analog traces requiring digitization had 
the rapid <lirectional rotation and associated speed fluctuation removed manu- 
ally. This was accomplished by supplying a visual best fit curve to the valid 
data before and after the deleted segment. 


Due to the large portion of digitized analog traces that included this 


rapid directional rotation, a visual editing program was created to remove them. 


The editing program graphically displayed any uptrace or downtrace found by 
the operator to contain one of these rotational features. The operator then 
chose the upper and lower depth limits of the feature that was to be deleted. 
A least squares best fit cubic equation was then calculated using three points 
preceding the upper depth limit and three points following the lower depth 


limit. [In the special cases where the directional rotation began at the start 


of the trace or concluded at the end of the trace. so there was no leading or 


succeeding three points. an average of the three Doints present was used to 
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fill in the deleted section. Figures 8 and 9 show an example of the editing 
procedure of the program using a before and after profile of a station with , 
one of the rotational features. j 

The uptrace and downtrace were combined, by vector averaging, 

# to provide a single relative velocity profile. Speed and direction of the two 
traces were converted to north and east components. After the averaging 
of the individual components at one depth level, they were reconverted to 
speed and direction. 

The hysteresis effect was effectively eliminated by the addition of 
the two traces. In several cases where only one trace existed for a station, 
a the profile was not altered to remove the hysteresis. 

Vector averaging was preferred over arithmetic averaging of the 

a traces because of an added advantage during low speed addition. As pre- 

viously mentioned, directional coherence falls off rapidly as the speed ap- 

proaches the threshold velocity of the instrument. When combining the two 
traces, it was preferable that the greater velocity observed would have more 

“* weight in determining the final output at that depth level. 

F Vector averaging did possess its own inherent difficulties. The 

| majority of these problems were confined to low velocity addition. When the 
traces to be added were significantly different in directions at the same depth 
; level (due to low directional coherence at low speeds), erratic directional os- 
i cillations or rapid shifts in direction would result when the vectors from both 


traces would alternate dominance and thereby change the final output more to 
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the direction of the dominant vector. These shifts would sometime attain a 


| directional shear of 180 degrees per meter. 
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The remainder of the cases providing the erratic directional output 


were due to a rapid increase in speed (within a few meters) resulting from 
the Savonius rotor attaining or passing its threshold velocity after being 
motionless for some period of time. As before, if directions were signifi- 
cantly different, an increase in speed would sometimes change dominance 
from one trace to another, thereby providing rapid directional shifts. 

Both of these problems, for the most part, were removed without 
any major difficulty. This was accomplished by visually editing the section 
of the trace causing the erratic directional output. Editing was done in the 
same manner used to remove the sensor-induced rotational spikes. It should 
be noted that the editing of the traces was not designed to eliminate the sense 
of the rapid shift in direction, but rather to smooth the shift out to a more 
realistic rate of change of direction. In general, rapid directional shifts 
with a rate of change of direction less than 30 degrees per meter were left 
untouched. For consistency throughout the data set, only one person fa- 
miliar with this particular problem was used in the editing process. It was 
felt that this provided as much continuity as possible in the decision making 
from station to station and from camp to camp. Several stations from a few 
of the camps were eliminated all together from the data set because necessary 
editing would have been too severe. 

Before the editing of the relative data was to commence, an attempt 
was made to reduce the amount of visual editing by removing all relative speeds 
and their associated directions less than or equal to 3 cm/sec from the data set. 
This, however, turned out to be impractical because the total amount of rela- 


tive data lost would have been on the order of 30%, as compared to the 1% - 2% 
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that was to be edited. Another problem was the loss in continuity of speed 
and direction in a profile every time a block of data less than S5em/sec was 


removed. 


Finally, absolute velocities were computed by vectorially adding ice 1 
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velocities to the relative data. 
Obtaining estimates for the position and ice velocity for a particular 
: station is given in greater detail in the section entitled "Interpolated Position 


and Ice Velocity." Briefly, two cubic equations (related to latitude and longi- 


ceding and following the point in time related to the station. Each satellite 
navigation set consists of the position (latitude and longitude), ice velocity 


(north and east components) and the time of observation. Introduction of 
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| 
tude) are uniquely defined by the satellite navigation data sets directly pre- 
the time of the station into the two cubic equations provides the latitude and 
longitude of the station. North and east ice velocities are calculated using 
the first time derivatives of the latitude and longitude equations respectively | 
at the time of the station. 

Estimates (95% confidence limit) of the errors associated with latitude, 
longitude, north and east ice velocities are also provided at the same time. 


If the error estimates were too severe, the station in question was then re- 


moved from the absolute data set. 
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i Any data obtained while the sensor was in the hydro-hole were re- 
moved. Ice thickness at the hydro-holes is indicated in Table 2. The first 
data point to be kept as viable data was at the first integral depth value past 


the bottom depth of the hydro-hole. Any data reported in the hy¢ro-hole 
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were given default values for speed and direction. The default values being 


0.0 cm/sec and 999.9 degrees respectively. 


TABLE 2 


Camp Ice Depth Below Sea Level 
at Hydro-hole (cm) 

Caribou 300 

Blue Fox 470 

Snowbird 340 

Big Bear 250 


Vector addition still proved to be a problem in a small percentage of 
the total number of data points. This problem was very similar to the diffi- 
culties encountered during the low velocity vector averaging of the up and 
downtraces, the only difference being that this occurred when speeds of the 

 : relative data closely matched that of the added ice velocity vector. Generally, 

this happened when ice velocities were low; however, problems did still exist 
at speeds of 15 to 20cm/sec. Even though the final result of the addition of 
the ice vector to the relative data for these special cases was very similar to 
the low velocity vector averaging problem, the physics of the situation was 
not the same. The reason for the majority of the problems was a result of 
the PCM being pulled through a nearly motionless part of the water column 
(absolute speed less than Jcm,sec). The result deing a relative speed pro- 
file of the negative of the ice velocity vector while the sensor was in that par- 


ticular part of the water column. Upon the addition of the ice velocity vector 


to the relative data, resultants are going to be very small and for the most 


part directions will have very high shears attaining 180 degrees per meter. 


Consider the example where two relative velocity vectors separated 


by 1 meter in depth are being added to the ice velocity. Both vectors are 


nearly opposite to the ice vector, however one of the relative vectors is less 


than the speed of the ice and the other having a magnitude greater than that 


of the ice. The result of the addition would be two successive small ampli- 


tude absolute velocity vectors, each being out of phase with the other by 


approximately 180 degrees. 


Visual editing of the relative data was again employed to remove the 


extreme directional shears from the absolute velocity profiles. There was, 


however, one major difference in the editing policy, since directional shears 


were generally larger than those seen in the averaging process and they were 


due to a different situation. This procedural difference was to ignore the 


directional shifts at low speeds and concern ourselves with trying to provide 


correct decisions at the higher velocity directional shifts that would maintain 


the integrity of the original analog profiles. As a result of this decision, 


there are several profiles still possessing the high directional shears at low 


absolute speeds. These directions are not to be taken as fact but rather 


should be put in proper perspective with the directions at more reliable 


speeds above and below the affected segment. 
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INTERPOLATED POSITION AND ICE VELOCITY 


Filtered and smoothed estimates for position and velocity through 


time were recently updated for all of the AIDJEX 1975-76 manned camps 


(Thorndike and Manley, 1980) to provide better resolution for inertial oscil- 


lations of the ice motion. The initial Satellite Navigation report (Thorndike 


and Cheung, 1977) indicated signal reduction in the data at the inertial per- 


iod due to filtering of approximately 50% and was therefore not acceptable 


for the reduction of certain parts of the oceanographic data set. 


Positional estimates were not regularly spaced in time nor were they 


Therefore it was 


at the times when the STD or PCM stations were started. 


necessary that some software routine be constructed in order to give reliable 


estimates of the position and ice velocity at the times of the stations in question. 


i Normally, 25-30 position fixes were recorded per day at each of the 


four camps. The maximum number of fixes per day was close to sixty, and 


the minimum was zero for a period of approximately five days. With these 


wide variations in the spacing of the data, it became important to estimate the 


standard error associated with the calculated positions and velocities. These 


error estimates would then later become useful in the determination of the sta- 


Typical examples would 


tion's relative importance for a particular application. 


be the rejection of an STD station (position error of 1000 m) intended to be used 


in a geostrophic calculation where the inter-station spacing is on the order of 


2 kilometers, or relative velocity PCM stations being rejected for absolute data 


Regardless of 


processing when the ice velocity error was exceedingly high. 


the intended application, error estimates for both position and velocity are an 


integral part of the data set. 
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There are several methods to determine the position of a given camp 
at a particular time, given precise estimates of the position and velocity be- 
fore and after the time in question. The methods range from a simple ap- 
proach of choosing the position fix closest in time to the station in question, 
to more involved interpolation schemes. 

Due to the presence of small to intermediate scale structures observed 
in the AIDJEX oceanographic data set, precise position and ice velocity esti- 
mates were required to resolve them as best possible. By defining a smooth 
and continuous time dependent function X(t), of a positional parameter such 
as ‘atitude or longitude, four boundary conditions were initially provided by 
the navigation data set. These known conditions were: X(tl), X(t2), X'(t1l) 
and X'(t2). In order for the function X(t) to be uniquely defined, X(t) by 
definition must be cubic. 

Once the time of the station was provided, cubic equations for both 
latitude and longitude were defined using the navigation points directly be- 
fore and after the station time in question. Position and ice velocity were 
then obtained by substituting the time of the station into the cubic equations 
and their first derivatives. North and east ice velocities being defined as 


the first time derivative of latitude and longitude respectively. 
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ERROR ESTIMATES FOR INTERPOLATED POSITION AND VELOCITY 


Error estimates for the parameters of latitude, longitude, north and 
east ice velocities were broken into two time blocks consisting of summer and 
winter data. This was done to take into account the more uniform movement 
of the ice during the winter and the more variable movement in the summer 
due to the presence of more open water and higher amplitude inertial oscilla- 


tions. The summer block consists cf the data between 1 July 1975 (day 182) i 


and 30 September 1975 (day 273). All data outside the summer segment com- 
prised the winter block. The breaking points in time were chosen on the 
basis of the presence or lack of high amplitude inertial oscillations using the 
entire plotted data set of ice velocities (Thorndike and Cheung, 1977) of which 
Figures 10 and 11 are only a part. A major part of the summer data showing 
the increased presence of high amplitude inertial oscillations can be seen in 
part of Figure 10. In Figure 11, which comprises part of the winter data 

ne . block, there is a marked damping of inertial oscillations, showing amplitudes 

less than a few cm/sec (days 409-422; 13-26 February 1976). 

Errors were then calculated with the use of the Navigational data set. 


The general processing system would be to take three sets of points from the 


Navigation data set, at times T1 < Tu < T2, each set containing latitude. longi- 


tude, north and east ice velocity and the time of observation, T1, Tu and T2 


defined as follows: 


Tu = time of the “unknown” 
Tl = time of first bounding data set 
T2 = time of second bounding data set 
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Figure 10. Speed and direction piotted for the manned AIDJEX 
camps. days 201 to 301. 
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The first and third sets of data define the boundary conditions upon which 
to formulate the cubic equations. The equations were then solved for the ‘ 
latitude, longitude, north and east velocity at the time of the second naviga- 
tion set. Errors were then calculated by finding the absolute difference be- 
tween the estimated (cubic) and known (navigational) parameters. The re- ' 
sulting errors for the four parameters were stored and statistically analyzed 
at a later time. 


The errors were analyzed to determine their dependence on the times 
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Tl, Tu, and T2. If the bounding sets were separated by a relatively short 
span of time, regardless of where the "unknown" is within the time bounds, 
the errors for all four parameters are bound to be very small. On the other 
hand, if the bounding sets are separated by a large time span, then it becomes 
important to know where the "unknown" is located within the time bounds. As 
the time of the "unknown" approaches either of the bounding sets, errors are 


again going to be low. The same would be true for the reverse, i.e., as the 


"unknown" reaches a time point roughly in the center of the bounding sets, 


the errors should correspondingly get larger. Because of this, a time ratio 
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was calculated and stored with the errors made for a particular poiné in time. : 
The time ratio was defined to be the absolute difference in time between the 
first bounding set and the "unknown" divided by the time difference of the 
two bounding sets. This would be written as: 
Time Ratio = Rt = (Tu - T1)/(T2 - Tl) (1) 


Time Difference = Dt = T2-T1l Cay 
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Roughly 1200 "unknowns" were computed for specified maximum time 


H differences. The maximum time difference being the time difference between 


| the bounding data sets. Maximum time differences were confined to specific 
limits, those being from 1-2 hours, 3-4 hours, 6-7 hours, 11-13 hours, 23-25 MM 


hours, and 47-49 hours. Each of these runs was computed for the summer 


as well as the winter block, thus making 12 runs total. Each run computed 
, 

i better than 4800 errors for the four parameters in question. 

} 

Data were then Stored as to time ratio and plotted for each run and 
\ parameter as shown in Figures 12, 13, l4 and 15. These figures show the 
é 

t 

[ 


i errors from the 11-13 hour run for the winter time block at camp Blue Fox, " 

each figure being one of the error parameters. 

A sliding t-distribution of 30 points (95% confidence limit) was run 

| on each of the data sets to provide a statistical upper limit below which 95% 
of the original data would fall. A least squares best fit quartic equation 
was then computed for the 95% confidence limit points. The quartic equation 


was chosen because of its ability to fit the data more closely at the time ratios 

of 0.0 and 1.0. Quadratic and cubic equations would tend to provide exces- 

sive negative error approximations as the bounding ratios were approached. 
} Figures 16, 17, 18 and 19 represent the 95% confidence limit points and cor- 


ti responding best fit equation resulting from the original data sets shown in 


= 
vee AS 


" Figures 12-15. 
It has already been estimated that the error estimate (Ee) is derined 


to 9e a function of two parameters as stated in equation 3. 


Ee = F(Dt, Rt) (3) 
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The relative importance of these parameters can be seen in Figure 20. The 


six error equations corresponding to the total time differences of 1-2, 3-4, 


increase steadily with the total time differences previously listed. If we con- 


f 6-7, 11-13, 23-25, and 47-49 hours are shown in the figure. Error estimates 
{ 

: 

i fine the data to time ratios from 0.2 to 0.8, a more reliable estimate of the im- 
i 
i) 


portance of each parameter can be obtained. The justification being that all : 

of the curves have roughly the same low errors near time ratios of 0.0 and 1.0. : 

| For any one of the curves in this range, the parameter of time ratio increases 
the error estimates at most by a factor of 3. The parameter of time difference, | 

i however, has a corresponding increase in error estimates as the cube of the ; 


time difference. Representing this in a mathematical form, we have: 
Ee % [(3Rt), (Dt%] (4) 


The concept of time ratio was kept in the error equation for two 
reasons. The first reason was to give a worst error estimate, thereby al- 
lowing the user to select the best possible data for analysis. The other 
reason being that better than 95% of the error estimates provided to the 
oceanographic data set used the 1-2 hour time difference equation. At 
this low time difference, the time ratio becomes an equal contributor to es- 
F timation of errors. 


Estimates of positions and velocities that required navigation points 


2. PE 


separated by more than 50 hours were given error defaults of 9999.9, even 
though the position and velocity were calculated. It was felt that after two 


days. error estimates would be extremely high (see equation 4) and therefore 


any resulting position and velocity must be flagged to indicate this. Error 
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Figure 20. Shows relative importance of the time ratio and total time differ- 
ence (Dt). The curves represent total time differences caleu- 
lated from the summer data of Blue Fox. Symbols on the graph 
indicate the Dt as follows: x (1-2 HRS), diamond (3-4 HRS), up 
arrow (6-7 HRS), circle (11-13 HRS), + (23-25 HRS), and the 
triangle (47-49 HRS). 
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detault data are extremely rare in this data set, however it should be reem- 
phasized that the number is not to imply a quantitative estimate but designed 
to be a flag indicating questionable data. 

Error estimates are also calculated to be negative in the cases where 
the time ratio is close to 0.0 or 1.0. These negative values are converted to 
zero since at these low time ratios, realistic errors are considered to be close 
to this value. 

Coefficients for the 48 quadratic equations (4 equations per time band 
* 6 time bands per season * 2 seasons) were then placed in a computer program. 
With the maximum time difference and time ratio known, approximations to the 
95% confidence error estimates could be computed for latitude, longitude, north 
and east ice velocity. These error estimates for position and ice velocity are 
in meters and cm/sec respectively. A copy of the subroutine listing that con- 


tains the coefficients of the quartic equations is shown in Appendix 2. 


38 


“ oe ey coey eee ag gh ee PRI 
ea Ronee Ty Sine aa) © ORE eee od 
OP sh ab 5 ns : of 


Sooidilinatashiahieehcasiaiinedie Mant oft chek iain stats sant saan te eT fe ERA 


\ 


OUTPUT FORMAT OF FINAL DATA 


This report consists entirely of absolute velocity data consisting of 
speed and direction at one meter intervals from the base of the ice to the 
maximum depth obtained by the sensor for any particular station. The 


limiting depth for all stations was 200 meters and was always obtained during 
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low to moderate relative speeds in the water column. As the relative veloci- 
ties increased, as in the presence of eddies, a significant portion of the 200 
meters of cable was taken up in arching due to the increase in drag on the 
cable and sensor. During some eddies, maximum sensor depth may only be 


140 meters even though the 200 meters of cable was payed out. 
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Station information is provided in two different formats, one being 
a numerical listing and the other being a plot of the profile. Two stations 
are graphically shown on one page of the data report. On the facing page, 
the corresponding numerical listing of the station is given. 

The numerical data consist of other parameters relative to station 
information and are in some cases abbreviated to save space. A list of the 
parameters and their meaning is given in Table 3. 

The plot of the absolute velocity profile is broken down into two 
4 components consisting of speed (shown as the solid line) and direction (shown 


as the dashed line). The speed scale is shown at the base of the profile. 
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Three different scales for speed are used in the plotting of the figures, their 
respective maximum velocities being 25, 50 and 7icm/sec. This was done to 
show as much structure as possible for the speeds indicated on any one par- 


ticular profile. The directional scale is shown at the top of the profile and 
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is a fixed scale from 0 to 360 degrees relative to True North. The labeling 
of the plot consists of the camp identification, the station number, the date 


(day-month-year) and the time (GMT). 
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TABLE 3 


BIG BEAR First Main Camp 

CARIBOU Satellite Camp later to become 
Main Camp 

BLUE FOX Satellite Camp 

SNOWBIRD Satellite Camp 

STATION Consecutive station listing as 


shown on analog charts 
( ***M.) Maximum depth of station in meters 


LAT Latitude of station in decimal degrees 
N implying North 


LONG Longitude of station in decimal degrees 
W implying West 


LTER Estimate of positional error for latitude 
in meters 

LGER Estimate of positional error for longitude 
in meters 

NIVEL North component of ice velocity (cm/sec) 

EIVEL East component of ice velocity (cm/sec) 

NVER Estimate of error in north ice velocity 
(cm/sec) 

EVER Estimate of error in east ice velocity 
(cm/sec) 

DPT Depth in meters 

SPD Absolute speed in cm/sec 

DRN Direction as related to True North. 


Directions with a code of 999.9 imply 
no direction reported. 


Note ... All dates and times are given in terms of 
Greenwich Mean Time. 
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FEATURES OBSERVED IN THE PROFILING CURRENT METER DATA 
THE EKMAN LAYER 


The concept of the planetary boundary layer, or Ekman layer, in 
which the velocity turns with depth, was first stimulated by observations of 
drifting ice. Nansen visualized the balances between surface wind stress, 
friction and Coriolis force which lead to a spiral structure for the current 
vectors. The idea was developed and set into mathematical form by Ekman. 
This layer, in which momentum exchange occurs between ice and water, was 
a central focus for the AIDJEX oceanographic program. Pack-ice forms a 
particularly stable platform for observations of behavior in the Ekman layer 
and observations of the Ekman spiral had been made from ice stations before 
the main AIDJEX experiment. 

The PCM data, however, do frequently show indications of a spiral 
current structure in the upper layers. The vertically-integrated transport 
of water in the Ekman layer must flow at a right angle to the surface stress. 
In the northern hemisphere, the integrated flow is 90 degrees to the right of 
the surface stress. Water at the ice base will move with the ice in the direc- 
tion of surface stress. Thus the current vectors will spiral downward to the 
right to achieve a net flow to the right. The exact shape of the spiral de- 
pends on the conditions of turbulence and stratification in the layer. A 
clockwise tendency for the current vectors is often noted in the current pro- 
files. This indicates downward transfer of momentum from ice to water. 


Counterciockwise turning is also observed out less frequently. It indicates 


momentum transfer upwards from water to ice. Figures 2la and 21b show the 
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effect of ice velocity addition on an Ekman spiral. Figure 21a is the relative 
trace showing a well developed directional shear of approximately 360 degrees. 
With the addition of the ice velocity vector, the directional shear is somewhat 
altered as seen in Figure 21b. Notice also the high directional shears at low 


speeds. 
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SUBSURFACE EDDIES 


Swift mesoscale undercurrents are one of the most notable oceano- 
graphic features observed in the AIDJEX area of the Arctic Ocean. The 
eddy form of these undercurrents was first described as a result of the 1972 
AIDJEX pilot program. The eddies were shown to be 10 to 20 kilometers 
across and to extend in depth from 50 to 300 meters. The temperature and , 
salinity fields as well as the velocity field are perturbed by the eddies which 
are baroclinic, and are approximately in geostrophic balance (Hunkins, 1974; 
Newton et al., 1974). 

The 1975-76 data confirm that eddies are a common feature of this 
part of the Arctic Ocean. Maximum current speeds were found at depths 
ranging from 80 to 190 meters. In some cases current speeds attain a maxi- 
mum of 59cm/sec. Examples of different eddies at the four camps are shown 
in Figures 22-25. The 1972 data taken at discrete levels showed the rounded 
shape of the current profile. PCM data also show this but with some small 
scale structure imposed on the broad nose. There is often little directional 
shear through the eddy as in Figures 22 and 23, although, in some cases, as 
in Figures 24 and 25, there may be directional as well as speed shear through 
the eddy depth. 

In Figures 26-29, current velocity vectors at four depths are piotted 
as a function of time at each of the four camps. Ice velocity vectors are at 
the top of each diagram. Davs are numbered in sequence starting from 
January 1, 1975 (see Appendix 3). Examples of eddies are evident at each 


station. The eddy profiled in Figure 23 can be seen between days 151-155 of 
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Figure 27. The eddy profiled in Figure 24 appears in Figure 28 between 
days 150-154, while the eddy in Figure 25 appears in Figure 29, days 165-169. 
The eddy observed at Caribou, Figure 22, can be seen in Figure 26 between 
days 327 and 330. Although two of the eddies at different camps overlap in 
time, the camps are separated by 170 kilometers and are undoubtedly two dis- 
tinct features. The tendency of the current vector to rotate with time is at- 
tributed to two reasons. (1) passage of the camp over the eddy, and (2) the 
translational velocity of the eddy. In most cases, the velocity of the camp 
is significantly greater than the velocity of the eddy. Profiles taken in this 


ease appear to "freeze" the eddy as the camp passes over. 
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WIND-DRIVEN CURRENTS 


Although the effect of wind-driven ice on the Ekman layer has been 


observed for some time, deeper influences have not been as carefully studied. 


Wind and ice motion are generally coherent over the array. There should be 
a clear separation of spatial scales between the ice-driven current scale of 
order 1000 kilometers and the baroclinic eddy scale of order 10 kilometers. 
Clear examples of barotropic currents appear in Figure 26, days 324-327, 
days 335-336, and days 368-370. These currents change little with depth, 
in contrast to the highly barotropic eddies. Other barotropic currents ap- 
pear intermittently in Figures 27-29. However, random observations of ed- 
dies mask these currents below 50 meters. Such masking can be seen in 
Figure 27, days 170-174, Figure 28, days 149-156, and Figure 29, days 157- 
168. 
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Barotropic behavior is expected for currents generated by a transient 
wind stress. As the stress becomes less impulsive, more baroclinic motion 
would be produced. Thus the wind field at the largest time and space scales, 
the mean winds over the Canada Basin, generate the large scale Beaufort gyre. 
Short period wind and ice motion will result in a more barotropic response. 
Barotropic motions would not be reflected in the temperature and salinity pro- 
files. They are detectable only with current meters or absolute measurements 


of surface height and tilt. 
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APPENDIX 1 


COORDINATE SYSTEMS 


| Y 
\ (km) 
x 
| NORTH POLE 
85° 
-500 
: -1000 
| (km) 
- 1500 | 
* 
H 
- 2000 i" 
; 
0° 
; 
Position measurements were made in geographical coordinates 
f (latitude north. longitude east). The smoothing operation was 
done in a Cartesian system (x.y). where 
= 110.949 (90° - latitude) cos (longituce) (km) 
= 110.949 (90° - latitude) sin (longitude) (xm) 
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APPENDIX 2 


Subroutine PSNVEL is written in FORTRAN IV-PLUS and is adapted 
for use on a PDP 11/70. This subroutine calculates the position and ice ve- 
locity from the data base of Thorndike and Manley, 1980. Error estimates 
are also calculated for latitude, longitude, north and east ice velocities. 

The coefficients for the error estimate equations are found at the end of the 
subroutine. The actual equation is written as an arithmetic statement func- : 
tion near the beginning of the listing. Decimal AIDJEX days (Appendix 3) ' 


are used extensively in this subroutine. 


wr 
fos) 


o~ = 


Te oe ee 
. od s 


ae mw igualint ques 
See Ce nye ea + 
Dare tee . Sin aee 8 Mas Pele 


ae re egg 


ee 


+eR HH REAR HR HARHRAAHA AAR ARARRANRRNRARR ARH RR ARR ee RR RR RR Oe ” mot te 

Cee Ww - * ~ + t w O64 0 4 
ee | Ga z % * a ea ” vy Reem Ms 
eeu eM AM OF uw a * aU ioHeO * Oo F tw) Tilda zi a <a! £5 
et CR BME O> HE F ws. * Ub) rue " a x FOUaAT Wy Uses Teal 
ee renee eod OF D oma * wy) BOM * VU w& FO FF F HRY KT oo 4 
eHROUNRM MRE ZT AF O # Lit U * wn AW * O &8§ F ZIAD AWE oH i 4 
tet ot LD a xe T27H) * ony WwW Wb * oO +I QI VOM aA wVraenwn a 
VMN MRE OE Dk Mm # HLH + AMA4.U0 2>U! + Zz FOQHHOQ FANNY ANOVCHAS 12 
eacenenOze YO D Ort) * YNxeu Lon 4 =x * <i WWhk WwW WY & Dew em Iz 
ore ee eee YW *# CCHS * ake 2 & Be * OZ VV £4,D>-WOU a et > 8 0 * 
weet ee CO WO * 2 * Wea4 D wu ” Oo OWRZZ OCOUFTIAM eran ies 
CN FROMM OZ AS YD H Hla) * Bulrw O ono + 2 VARNA U CAP TWIT AVY : 
ene eee SD Lik - # SOT cd WEY m~ & Hee 4 € OWOT me bRRHae wee bo 
eehen ee ONO x * w ee oe * * > m oa ez z X20 2OUZX Waeornerean ré 
CHER HE BHAD wl FF # 1,3 © ¥ * Ze> DD H2Q te) i O»xXO Ow CUNEZAFLUOR 4H ot 
ot oF la et Ot 0 oe <0 eX ® O.WNQ s * ZHHE VW) <t (2? a 4 A MAIDA MEO Ht cm ee WA 
CHONRN GR W MEH CO # HWz * ~~ UN oOo z # oO BUYR) HAZ ZIAAwWWHZH HR ae 
eh 8H RYT U ze ZROKN * ~OU w& WBW2e ear WQ2 WE UYU Dera RruDvenen by 
eeme en eORE OH < # et 2 . * wc xz non * OF HH XW aAOAO ZOHR aH eH 4 
at ot EO tt Lt aa ” BaD * WO). Dew HUB 2 Hera GOW 2H, Oo RH Doe, 
OO OD Ot ~~ Ww Be &* WexXwW a * QD>W) eu) *2zz HOY &K& ATCWHY -zaNnun bo: 
ee Ce RH HRA >O WwW * DEUYM « * PDE > . Caer +e A WD Ue Ms AHRDOAW ot oF ar 
9% OM St ew * 2D Oo @w * Box ty Ru) #ao. Y OUs PEDVDWIA c-ayeen at 
WHT em LS * aa VY * HOFER J xOW #20 4 blikx We 2 OKTOWF7 HHH 

HUME MRO MEI UN te OW sf * ezayvy © QAM #O W ONrAVU AVX DUKOMM HH 

RHE DUNE HDR Ha F & Ore [9] + a0C<a « an AO# FT *% LHe KHRIITAHNOD FAH 

ee ROEDHOTD Ww at & HRW @ * WIS 2 MH eo > ZsHKX © e8 Ok MH GE a2 'DwWH HUNEDDH Ae 

HORN MHWOO OO O * FE HOD * H 900 CHL) ODOR F HWW s UO AMIC™ a ON 

enzn eu me 2 * 5 a oe A * SSZ~F KH WONG neS> Bo#wWG AT Ht ret KEVMLA ee 

ee og HMUIZZ ay 3 © FNZ 8 * OOOO > ANAD Ha) BARHD & TWO QI CHtrOoL> 1 OO" 4 4 

8 HHH OOD za * < WH 8 * ZFOaOnD <OR AOH 9 O HELO es YNWILWG F Whit wwe 

46 ZELIOe UP ZO = * mwa -+ * aane aoa uaa % lO VRQ de Udmi ait nwonw et 

HOD £ BHO OM CO & VWEIHE ol) % Willd Hh ee KR Were ee ez aca) Tw -xsM OUTH THER 

Hr S ow OTA HE + & OO ae bed VCVUVYV O WH >uw) Rel 2 WO OF Qt Ly ol | Re Sed 

SHRUTI RUZ HK 8 OZOH Z2ZZA~A DZ am eID Lee FY D WHR W ATW) foe 

HMM ROR HD ft oe OA £.10, * fa) fa) lo) a) Z2UIeCe FDI CeH#mHQ D MEDPA COHnVUTaAe2rZz UNAne 

NMHRVIH an >a YO UU HL rIOm * QANAaQ WW COA On WORN EF €44240 HRW HOMOKD oe 

RCH EE M2) Ofe © GIFU Ww + ZU SHH YX JW wrk Ole xc Ho & cP) ola) Ht 

HYP OHORHWEO OW > *€ =X ta) <f *+* 2OWULR&ab © Ar>lu> O a> # QYNO CHO YW VYLIZFOYWHYTAMDA HH 

ee MEOW eC te & elLIENY * OMNUWe Tze o con *WE2W) 2A>OR OFO OF 4h HH 

1 >< *3WY OO 2 Wrezm Vz * HENYOOOO vz Vink) *Or rm >t Theresia Tte MO lel 

eeLIN PWR S Lo * HMOeEWIH O2SH HAENUUUU 20 & 3 #2 We SaQze OKRIC & Fae eH is 
HeDH EE RWC BOY WD *& CH CICZHOO# «ehUs Ow [f3 ee ) % <hr x £ & TOK wy NM ON 

RHOM QHMIH a FT & TiWOHWORHHE ohY) Ueto JE Ut *r2 2 Ubals OvUt CAW Kana we 

aRrte OF YE BH Heer YDEZHMYMHHWYH FS MMMM < “> #£UHOO BYU HOHHEHWIOUU a He 

eeacwom #MWt DU #Y GBHIU DHWYWUHE WHADOOD OX UR * G&G TOHHRY <> XAKrUSZFWAH HH 

MH 4H BWR Oe 2S oe EMT YD WAZHDWWHOWR Hewrew 2H = ER % ez UOT HM LOCC BH eH 

+e MEHMET SH HWHONCZWICWODDHATH™ WW «0 4d? #MG)L)® © ROOF BMY FT>REOUTrD > HH 

CN CE TOE to FRIDVZETNID CORI HH RE & Orn * 3FDOWa 73 Me UM) ee 

0 8 eH WD Uc One OF, HaBoz 8D Heda eet oz AN ZOD ANKOKATOAIZEAAQ Oi Thy oe ee 

ee H OH HO OU D WHeODW> JF HA ZTHROOUNHEETE HHMM © & DE © OME Fe Pei) Me WE THWH QRH 

HMO UUN ROI LO WY FARIS SAS HH OO OUMNH ror C$ WNMDH NY YWUMXQ URMEUG ZIFF Mee eH 

ee eH ORNTED XK Dz feWO Hx $Y WIQOKHREF QUNADA DUAENHN# GLE TUNA, b) Fri) ade te ee 

SU NMUEXH HN LIAD FD CH ORHZ EMA HAH THO INDY ZHODNH XY QAHXORHDAXDAWYS FTP F EEO HHH 

+e OE HE DO PY WWI THEI HEMS AEH ODI MWHDDRH GT ADKHSH VLR SOK  20HOZMD 4 OMAN 

ee 6 +O, {=} Wt CAS AhCOWHNDIDE > KEAN x= Qu * UF BO VUQUAH AHHOWMOAMN H Ht 

CHT HB HON bi EF WDC HK UOVUOEMR KROHN CeEeTKr HO 1H BENWOUNH eH WAHU & OND CAaWoe tt 

0 8 LL OF xc eKroee CH # EMUEECOCO awn ZO: KX TVOWHORS RLDIIMOW™OTMlYOR 0H 

SQ# >H HU HII VE HUN CWO MDS he HEME lol aCe BOM CO CAME ee YNWULY rT 4 Dh) <a Re 

NH ZMNHHHWITO by) “se TOWEL LCOKNMNCOORLNM HOH ZORM BHP UMM He HU HHZ HE TOMEOWMLIOU RH HH 

A ee ed elo. aeeben Siar ator doll ot ge gereranioiiielt) Jilted BHO 4Gltl + | 

NOUN HH Z QUT ZRH * le) * Qe e #eO HTH een 

ee POH HUN OWT > £2 eb) t Teese eteere eevee s e#bC>Q> *TAHI>H¥ Tre i] e anne eu 

OLIN HH OZ YZ Glee poeevenwmmaetrroeree ss Co & ee 8 8 a 

TH RHE OUlis’ HL? ee We WWE * “M WwW oe OF 0b OE 

Oe HEN EH LIN DOW WWW TE a, La) ear ! of "uy u ta) wW ee et Oe 

RHE HMN TD LHIVYZEOOS aH be) EXeHTSLIereTe OV} OU = * Or a. Ww i) ew 

UHH HH Deg #OZ ZLZOMH CONAN wWa 2d Zee * Ww =. o a FF 

RHORMNRAHRHYHZX HOW N D VNOO~H#OAOQIWWHOUZE > OWE tA lal u Q >» ee es 

ee Cee eH DZS OOLID Mae HE t Cer > IIe eH *DHY) % GJG, ~ toad “ ol 

RYO eeHOOZHATON #* *H eu *#U 2G) ez 1 98 06 Ot Oe 

ND HOR MEY 2 ES AAAS DAA ARRAS ean ~ ~ on en et eH 

SHUM EHO MED OY HD ANAM OKBANMNSEN ONS Pa: ee) N toa] + oe 0 

ee REHHOKEO OD DHA, we ne 0 

RHRRHHHY See HY BHD *3 wo. wm me 

Se eed 4 #O * sot ediedethes 

90 9F 40 Ob 1G 1b Oe 06 OE OF OE OE OE 1b 9G E96 OE OE OE OE DE UO 90 2G 2 2 98 0E OF O98 98 9 1 EOE 2b EE OE Oe EE ME OE OE OF OE OE OE OF dE OF Ot OE OE OE Oe tO OF OF DE Ot OO te te Oe te Oe 

ree eee eee eee ee 2 2 ee ee eee Methetethedtiad Meth el ee teatiatetethel det didhctied Melle babe dadbebabdbedbeadbabe 

VVUUVOVUVUUVU UV UV UV VUUUUVUUUVUUVUUUUYU OV VU UU UV UD D VDUUV VUUUVUUUVUVUVVUVUV VUVUVOUUUUYUUUUUUYU 


é Mon. a iat ai : re z ’ : eee oak oe eae ‘ 
tn tlc aramallnihte ats, | bs shia . : : 7 STA ere a gpa ts Zee 


{al 
x 
. [ =) & 
2 ”) 
Cc uu ba] 
pe) z w 
fed Hu oO 
. Ww) =) 
| sod 2 Uu 
<x 
] z 2) 
an oO & 
~) maw z 
t2} vy) P wt9t (a) ~ 
ponte bi] ta) oO 
mo ooo 2) a. 
Ga > BEE a 
ot (a) ~ a ~ z 
ws Oo coo ~ *) Oo vy) 
F lad wW + °o oOvuN oO v”) - H ty 
my) & ~ ~ a Coa] e Pe | 
eo ee & . ann " t . «< ) 
HO a * ° one fh) - (ds) > 
i] x Aa 12) ere N ty) _ ~ . 
as Land 2] Yun Load 4 n > ~ y) 
oe i + ro fa) fa) (a) WY mot i] << <= z 
my Wy) a mt >t aQ we i z Qa c=) 
a, WwW ™ G --- Le 4 Ww [v4 [e) 
zF * e a -oa ww < e . > 
ou au . i} eee CU « fo o8 pa ~ @ w {2} . 
ant oOo & e z ews Ja) FF aad wm oO a2 Ww vy) 
~s x GJ) W Wat) Ouw «a “~ o uM -O @ ~ z 
“am a YU > a eee - 5 Q rey +N iH o Oo 
be Oe 4 te} a Oo t= Wade ~ VY -« ~_ oT 
Aw) + Loa] (a) ta) Ge) WO a wWra ° Ww a}Yy n" ac 
“1h © . - Wo ~ OW *F MMHG) wo © ts) . . . 
> “om : Q HHH N ~re tf ax~ w ~ | > WwW = Ww) 
Qs Be ° aq tik < BHR LU met AWN Go LJ 
xa an GJ YQ ver - Lr 4 uae AYN» w& mM wt AN < 
ax pa 7) a - ZX WwW son “Ot Oz & ¢ | bed 
Uw > * 4 fe) ose Ae «xn Fr @ ~ 860ang a os + 8 x 
wz Oo mo < oOo « 000 Ft zO0O RW «Zz» “nN OM om . : ~ . 
> Lov a 2re ta kh. rat GJ) e- Qt ~~ Nea OH Vv”? 
es “ WY + ° Oo W «tact UO wH- © €HO £O Ts 20 ~~ rit Oo KF ~ 
—4.0C = x . °e a eee D> wr Cc UL OF HIN ZH Mw HAM < 
ae 4 _ e+ e oOo « < tx & NOD @ we De s main D O io) 
penal C5 ad * Gd) fou) PRIN NS tayac hop her) Qo uM. zt =F WH SF 
4O - ie 4 xr D> ~~ W OMA Eo ZO Ce HORU YY fe &e& O VY 20 a 
wo N band oO le 4 No ff) 253 E ee Xk WIvoo <m™ Qn xX Ore aA Q oO 
ys uy con & td OO Wf aKa * Zze-W an Onn HOA a *= 00rF oe VY N 
sa) OF Cm ot << e ~A & VUUURAOS babel “— ERUN SO tard OW} »* wen O ba 
>~ae © GAY uo w& be RO CL Here EER <M Ue of 3a Or <« KO U A UU 
ZW * wok Oo -~ OW oe se elk &§O F UU Ueto az Wwe QO ¢ te) & NDNAOW ta) 
Ne FB UNC HH FP OO ™ Nan fe OWE Fe SH) YW Hh) © Li a in 4 La] Wo a MOAN © ee © Qa a« 
a4 @¢« Js? H - Uv we ™ WS ZMMed DA- tf ~Ree & «aU fi ~~ dhyr ee ee OCOOST oon] 
* & “ze UO <« i a) x2 se eHNNO Feu Wee = O &UR- wWwO Or Qi NHABADDAHAH Oo - 
ty Crore 2 - @ Isl <q Go Me HOH 1OW a VURLI~On *« x iets ZL UNTHMNAHDAHRAH u & 
74 qaz7zz7> 09 oO W 29) WW VVUUHOO Re hI OOZLIHM eae BW AQX « @ MWAADMAANC W Ht 
HW) BHOELQID te -~_ xXx «x at WY AAA tt HN SC UsSOMZ AQ “NVC Jie x QOw wes NONMN or 2 
* eS Rt Bet oe? Sa 4 HHO £252 590-~ 2H  BENNMD KS LKHAYNDD We 5D wy ax UYU wen ten pe) 
* "2 * UmMdIaYy 4 * W &) ta OO VYEVUSWEREx DWI ULE met Oe 22 BE DUNNO © ttt nt bh) 
bad oz se = a HR HHHWORUO vl) OO <areOltW dOHKwH <« <c<tk « aQxeerro xc w~ 
* C2 Yodel fa) 7“ 2 W < eew~eNCEQOQ 2ZUNZ QRBIONOM YWEKRE JW A~OWE MEeZSZWMrOree FF CO 
* OW aaa EL 2 tw <t FQ Mw eVevrOURGF WVUQHNHNOO a2en—GCaA0 22 DE VWOWAK ww Y~HO 1, fl lai < 
* D> 20m mw VY < aq U itn IFOU Ateh a Z2WOEOON™~OOCOD VE £44020 UV LOIQWhIZWeOO OC WW 
* 7) ~areOon w& OH YU Qc | RHUL O & HU OOGNMNHeROUU 4 Use GF NE O> >>> « a 
* “” i) ww x _ A AA «ao x ta) 
Sad a yY) uo wom u uw “=~ FO UR & o vu w xen 
1% “ aN " we a NN (ad oo ¢ oad 
on Ld * nen 6 HH ee eH * % © ee ee + o 8 wan 
Sd Md ” ue Sid 5 died Se ed ” ad Smad ee ee eee Se od od 
YVYUVUVYY Yy VVV YVUYUYU VY VUuYU uU 1S) UV QQ VUUYNYU QaqavyuyYU YVVYU 


NG: ge EM ee 


2 ert cent! anes Ae ta, 8 ae eee 3 Berl ie een aia — oD So ees 


1<] 
z 
=“ 
| 
zo 
LV ad z 
xr> oO x 
wo ~ oa) 
au e a 
U < oO 
z2 *. io Ly) z 
mle [o4 wy (Q) 
a) oO w < a ~ 
am la or - la} ee Ww 
[ft] z + > ~ Oo 
wu) Lan] je) Vv) - C4 
Mt OR H fay Oo oa 
rr o e &) =z 2a U 
. Zz im) if) t) 4 Wd Ww 
ea oO _ ov r » WwW oO > Ww) 
HC ° Q oO i Oc > oOo 
~~ oO ~ z _ > MO 2 ~~ fm) > U on 
pwd oo! wt oc ] a“n & . OT z 104) ano 
oO« + - O nn WHO fa) 2eHQ <= vy) oOo 
= ~“ “n 9 On + A oe 3 QO Ww ~ of ot 
za “ “ oa Hz me 4 WY & ~ ara 
oo z . bt) wa wCcokr Xoo QO z wv ee 
ale) &. .- =x oe ~ Y * UO oa z Wt 
Ha ” Lead - & RE CS Zz WO && O WM Ib) oO eH 
an ~ - ua Wha ein Hs ™& &) ty 4 << 
= cg A @ oe Zen tea e | aw 
Le Ae of a + nv Oo zz OncH AWO <«< W on a co 
Or fe oad sad ate ot) mee ao FF PrP QO we 
Gum i) ~ & ny CICK IO 4 seeae wy 
zt < {o) z a => = oe & ° ae FF WYOWwoa H on 
Lon] = ° — aa o <r Oly ~itao oO Zluwe, «< UU 
Q - vt oO wW HOOSO Beta) THLIO & O YAMIN a Coo 
Ca Y fo] a oa wen It oY} At oN ee Ww We ~ 4H 
=O la} N pela.) OW z >oO>wo co 19 
um Q (4 Qa 0 e« O00 ax z ~ zo ow sese Mocan 
Wi) w bo GG) & QOnmm sccm MNOOFr Ht YANO WAM «ee 
Ta Oo 4 a zz Wead™ tz eH &€ Sew We ete 
a = =) BH amw en 2) aaztoo - awa un xO xt Oo OBO, (| Jokes al a) 
-_ <c zz ON wW «x © UU <reo are | ANIM VYVOOHRD 
e ¢ ~ “c+ WY 2 OR e Qe e Om were Oo WoosrT 
o x4 oO ° oOo Vv “NNN HxrOo Wren a ee QA orton 
f& On a Fete ts) Wtaw axzoaw Cc *20) m= Y) Ww CC e MNHOD 
Nn UO =z *#o we « YNY>>aQ oO ° [4 ° om WW YM BHAHAQNSO DCO 
s Wt ~ mM Came Oo QOnatanr Nant Oo Nan< ee ENE 8 PO Bete 
wo ayn © & ere x a00cO *Zoh wu seon = = TRINHOOYF tet 
e ont CewMRa ch) YU Lon lan! U VO ex @ «YO ¢ ye eH X€EYMr COW AANNN 
Nn UM O OQ Ow~r~HRIT eH eee eo HWUCE a WUO « oO ef SOS TO WYWU LY) 
-_~ 2h) + GQ] 4a FtONWWYWH ROM ' mt) « fa) ta) bel GD + te] ofa} ta) ed tad Lal wh YRWROONH> SZW! 
i. Re e OC Niall eon © AGU MOO lal LP a 401 oD AO 7d HS Sk} x UY DI@DDOBAN .3-2.)-3 
“OY 22 WU fel Et eh eee yy Ue GJ WrOov4 z UH fl) *IeCON2 se | €- <TH RR Whi 
- Zr Bly YW) FRwvOO * za2 D> Wee eH WYNNE ~IQIWh) JIVUZW Ww WhO e F344 Fe © OO YW) tree >> 
“x HO xr ta) 4 Ee =x &) BREeZZO CHO YRAZWAMA PSO MAE >>O F CHOWZaAre>>c H bn tk ot ee a) 
N UY HA CG HHH ON Y} NNR RH WEL N oD. Q oOo DO HRZARPHO Oo EF BW Nn NaN ON 
w fe 1; a a ww t pad mm > 2 424910) Wann wernne 4 > «&Y WH fs oDMeTYOOOFW 
ee NU > Q 2Z2@oe O QOS W) HHCIWORUMS>H " 2 Hew ~ Lr TENE NWO) 4) (2) 
< ww « O xX WHER 2 & Hrd am ~“UOMmnw YWYWY WWitdWO O w~U@E YYNNNO *¥ UN <t anne Sr Zit) 
x Ge AVE & OMGs ~~OOD VYOWYONRHHNNNRSSWWHZTWH Lb VORMYOVNHZTZWH Res te UK. ge rerere) 
a ee jhe) ater ar « vee wer~O <0 ON Qt [wens BRB 242A0R0 ANY Diidivt 
oO aro 2 LEKOAYKO inineO CWULWsIUZWE IIa IWNWO O CWULRCQIWWO © ROxXO,~ORKHUUSS >> 
& GF eH oe HOHE ol HMMM HX HOOKS SOCKS Pads > ero «MO HHO Se et UVR EE NNNAN nnn 
{om = xz a) A i) A & A 
o HE em ~ Y ao ww A axa o u vy ADM + " 
“ a oD w ot " o u torn w 
% 9 0 % + + + % * Haennw NReMNRES * 
ee oe #9 Saded + od bad 9 oe " 
VVUVUY VOU ANOVYUYVYU uy u V VUYU U VVVVU 2000 u 


vy) oo 
bl ee Cand ao or 
t oa SS oa nn an an mRaAnN Rea 
< we Bene Fae 8 BRA Fr she ssf 
x. mak oe aFrEe es 6h e she “wm se = mw se 
Lon! erRWw mares ry =f) wt ee THAN LilImm 
-~ “on H - WO WING Wands bd ly ror dN bo id OMB 
Nn N 2) NANT St Wr ld TOW NW wb) Mtett rwmnNs 
* * Ww Ga) insO ow TOWM ~maey mMonr i WAND 
“* Vv) * uv NOOO cmwmMns wmowo ram Oowr NOC Oo Load 
YW & Uz it 4 ore ToT O Onn None MAINO wt+towo od 
N « Nn Oo oO @a om rors m™Mwwo FOr cntec MAKIN 2 
+ wl + wv a NCH « tne HN Oncn OO 8m eee GN ft 
mn xX mn ie 4 owt of ee rNwm ° om 8 e oNe eB ee sf ee he 
* + ” + ta w News aree sees eree a stos ~ste tw 
% my) * ry ° oe eal mattis rein wm? 6 Mw oN mms a 
U Fz & UO bw a N = sO le) fablee se Wa) st Gita es fa) LON be) Lae 
N 20 Ww N =F Q MOOD NANSY STPTAN ntmM Moku wou io] 
e FW & * FW a oO Willows O Olas fr) O&O li) ++ Tl bd Toro OMe f- 
BR t> wW Fe <> | a rNOM mOHOWM MZNC MNO oor rere 
GQ oNN WY NN Ww tANrn Mansa DTH DIM OM Nor Ore bh 
Tc eh > oOo #e Vv ao WOOHOO weonw MaAD~4 UDA HO Ul e+e 0 YNorrw Gd) 
nN WO & Nn Wyn 2 o tH om and + MNO eter THN aren uv} 
_w Ze we ws le on te} wmnm ~¢ Ue ese VQ « et « DD © oni Dee De De emmy 
“NN Bz VU ~N AS ~ 34 ~ Metetoetd « ms tes meiwrrn oem or e6 O-re¢8 . 
—~ Be OO om We a fal on Do efsue > «= @ « D> een Ten ee wa ee ZTwwns yw) 
mn >a nO me a icv ~ mm Cetiow OMer ae Owes “el ww ss PN ibm [ea 
~ €£ NN WW - *# NN le 4 le “~ ~ crs en CWI Lawn Nl il IM U7 La) VY La) Le) Orr Li! 2 
Nn # Vt > ~~ He we * 7 ~< N ANAS WO +t) Le) MANGIT™ 10 OD (2) fa} NE ON T0rwnwo oO 
* UY +0 * UO +m e& + 2 ~~ ®— WY AWWANM ToOoo- ~Hrwm ADCO COD NNDO Bo 
* ti -=N LF # N mows c e . eH 2 cords MOAN rower OONr- QNC No QAMNANe 
oO *# Ne TF UD & NH 4 oOo WW vt UO =z QAowor OND -r ADGOO ZWOr Zwrsro ZION oQ 
N aA #cCc & N M&M HO now = . ®* 3D £270 mM ZMAHANO ZMNwoonw arTowon <oO~-—D am w 
* 72 6O ** 2 #2 ~~ wm a z O aomet e amor ENWM © Naor N «O@ 7 enNm 
> tT F&F 2 QO tt & nr & te, ee wm oo st 2 omMm eon? + © CNN m 8 we m8 8 ee Pd 
ON 2N 2 AN ZN Oo . w~ «& WY) ar Ons mae ee Os nes Crt enees CN +288 Om «eh t < 
e 1 fw «< ° f far Uul- i mM & & WO eels CO NME FE Qa ANIN Ft NMED wwtes DO IMs 8 x 
na OD at my Oo t+ [ore | <x = £€£ O EBt% + OW NAWh) 8 = MAWW sd SW ss KK ZWINN K2WINN e foo] 
“-w N NR WY Ye N NA HINA Ee — FD HA HADRON AWE NAN HUI WANN WYNb) WW 12] O + (a) fa) © 
Nw eH MN ODO ON HORN o>n Oo ~~ GIG) Wor- tt) W-OWM OWOMWIL DLCMWOPGT OWoOMMN Oo 
m~ WwW met DP A WY MOF COW N @ OBMOFTOD OF-LTLTO OCFONNHD HEAMNDO HENMOO FENNEL b) 
YW ZN* HH YY W N#UD e%> " oe LHP ON BE OMMDN KHOTON RAMOS Hon Brn <r 4 
ROD we et WT YVR OCN OD ~~ Fe FF + WOMe10 MOO—W Weetes OWRNOD OWrOrs, OWDM™NsS i. 
NOW ¢2 YU JYUW 42NnNTO0R 27 2 N F= ODO AIDMO et ONTHDO CMODOMN YOMNAIMrGA UONOTO YUMaA-aw b} 
WN oH 2 AINE meNOMN>> eM ek, be "QMO moose © eomm 2° ON ¢ e ene. 2 eNw ° ow. ac 
SPENGnae OC >H#NIDMAEDSH ow ‘a ~~ «=F e tnt & <c9 8 Kasten ses met row m~a ss ee mT ase Ga ta) 
NOMmNAnN A NOMN*NUGAZ2 O S &C ANI 6 oe het NEY 8 88 8 Not 8 tet OFF FS he COEANM 8 8 ORMM ss . 
Ov we 6 QV ee KDOOO H OM AH Cf NOTOKD IWS Oddetet 8s Ober 81 OTAN 8S * C$AWNWetet Of Wl et oO 
Sl id Sok sh ool S|) § eZHERCOONII BM Ol AN OC MW HOD s+ sf COLICD COOMWO!§ OWWA® erm tad le) "OCR ron 
& OTHIZN ZX MOW ZN AHAN co EL, bale 4 ee NueOw o TON ee reavnst MM Tort YO MaArAGY oO AVFNO oo 
Nav Om me WIN eee se C MO st 1% MwXCNKOVYON FROMANM FAMNTONM KHCANTO NXKNKNO W.LONMND bom 
PeRnaneko LIN AND oc HH ETE NORA GF FEO OMOnwr OmMoow O-wanm0 ONPTOO oronr Onn ts 
“coe NO & vot NQVUZW40 ® BH ey ZT YT eLNNWOO eKOMNO “XMOO 4 *ZHMNO *COrne CIN TEAM xt 
MWWOWD4 8 2 D WOWF+* eI I- x BZMaaQ- =z SD HXKROND HAAN BHACOND BAMOCTM HAT OM BEEN oa 
E> aM CO > 2 AMNCWHE s BR HN © D ZU WIAN e94 UW © 6 UW) of oF WINN © © UL © etN UL) © ete wa 
NNOTONY NNOMNY SF> «* HH COUN * WH Ue eet ODO eet EDe € 88 OD eo PCO e FFE FPO 8 FH & OC ik) 
wt TOY Gp wht GUNN NE NN =~ YW Yweewro YereevOd Weewrervo Nerrvo Yevrvro Yryvervow4iw 
u [o a, a | a <4 oat WD ce w& BMRevy £C HAHIELHOOSCIMEACOCOMELHOOSOMWHOOC IMHO AIIM DIUM > 
WMHoCl D UHENH FHM & HNUOCH CO DO Ut HUN He WH me UR ee oe 
e: z V9 fal aie YQ <«< we MY ONAETKKCOOVNATALCOOMAAMACONOVAEKAMOCMUEARAEOAMNAA KA OMO 
2M WN GaN SIs 2 be WE Se 4 0 CO Oe et OO OEE OF OO Oe OOO HO OO Bo OE 
oe Ch) ft WW) OWUAIAM@ D HNN MS Y~LOV TWD YW) ~TWWW VYCRWWb) ~TWWWkhl wohl) ~O 
CDOS I> ANON CQ>2UL)~O OU AD ~O UV he 2WeHOUZWOLBBbEUZROLRHUZWORRHUZRIOLMHUZWOLHEIZWOOR 
NNNNNAXN BF NNNNEN SSP ore YQ NRE WM Ww SQ SPUH BOP POH YQO>>UM DVS PruoMr 29> >U0Mm GOP roU 
oO x << =x AN A A A A A A ray 
z uy ~ VY ~ Y wee on on ou on on ou 
wm wv we " att Nt mit wil we ot || 
Sada * eee Otte 6H ott ott Poked “ee ~e Sled 
wo ” 4 tH ae ete & * * * bed * ” 
VVUYU 1S) ANVYY Qo0vuVvVy VU YU uv VY u v vu 1S) 


e a mas, rm e~ & o~ > 4 
a. BARNA BAN Fan -_ OU la ; 
mabe = *Wh om statis bid! alan tRAAN TRA « xx ac 
ee st) mone s Beene th) +h {2) sR GW seN fH i 
whee WHIT AN alt 2 Won s Me we Oot sw : 
NNN ACO MMND COOwWN NAN MUNN ee 
WHO MAH 0.0 «f O'r@ ¥ is} ON) oH uw (a) 
aaron OwTrWM ror oO ~eoowr orwys @Ormock Ww 
Mr wet None MD a cmr oo NMOMN MAanO 
noe Owt oO woes Nannon wMmMw OWO+A 2D w 
exo - NwOEN --—te a ONE SINAN oLCMNN da} 
TONS ee ay Mm ees °emo crow Mowe w&& = 
NW es = 53ND e MW snnNn | a eee = ert § iPS} pa | 
ota OP le) 8 oP la ly IMs © Pease Mees O Pd 
s+ ell ulo « wm IG] 28 wwree GNntce > 
NM AD ODAN rye MIN © Wb - Nh) sa} O 
(2) (a) (23 oOwonNnw Im OO WDOWnN NAAN MONm by) 
owoor- ToOwMno Nr ot women ta) @OtwWh DORN > 
MAW co Nar st NOWa ASD OW WNWO NTMO H Le) 
me wom Taw wormr yunwoor YUNHAOO Youwon & cal 
4) 00 00 CO Wat oN mme. ABNANN a Mowe Lar nm vi <x 
Yyroo e Wee an Yt ens = 2 OD 2D sor-w D estaiy Ww 
tog s mi tna BHAT ANN Ot on Os «om O-.- we . ly ~ 
De ¢ ew 2D ~ su) e D © stata) zw ew xr tm rwntims w =z vr 
Or#f ski QOMMo « o¢evrno Taw se WwW see Ws. e~w @ ° 
Ke wwe KLIN xr Wow MLIWN « Wine oe Ary? «+k 2D ly Qo 
AaAWwMm aAAM) Meaty ACOWN NOUUNN TOWAWN OC a) Saad 
NwWdaom tr“or MAAOM Mownkd O O lalbed ono © - icy 
owror ONOnrm ouourm ADM QArneds Ar aANes > + 
awrwwo QW aE aATNAW FAC 2 Omer =z=rTOowWds Cc ie) ms 
zrwanew Zot om ZwOMwM © © rons AMAAM LAM Wh ax w- 
aonwr ° I™MnN EW ater ts 3 1 8 OO ert ON mmm a (a) 
MMN | oo ww noes carte MEPRDH minroe = QOOOOCRKA 
aANW 2 s mM ~s4 © WW s44™N Ort © 8 eM ON 8 OND Ot Ss eNE w oe © o> if 
RC sete O NNWE SC Minkk + AME Mm Fsee C Tees z Ooco =H 
fee ld NZIS © MOD WAM NAW) <6 NZztImt oe 2h bet & Oo ora 
NAWHHNO NWPTOMN NRIAICO WOON s WO) se GI<T fa) s{2) al ett Wao 
Gi L) cow Wr Ook!) WW A Of WN OWDOHN Oro i od Wh! cq 
ADBMDAWN OBOOOHT GCOEMMNOG BEML D KBEOCEI BH EOWOWO b) « is a alt aed i) 
BERNA HENAN AD HHO BNOND BRIM BeNOR 2 OOo om > bl 
aq Gomumm WoORnYo WNOO- OWMNON QWHAAHHD OWl#DHRO + fe] WidtJi s> 
OC DHwDOM OMAK mM OMMets 6 CHEM UDHOCNHD UNE a Ww BHU ZWaAN 
wo wWoere | roam UW Nena 2 on™ oFNa@ CAMO 30>>aN 
Ane MW Kates SW etet et PN OE MN 8wtet AES ONC MK te ete ll iar 
eee Re © OMe oh 8 et 8 Ee 8 88 OMMN e414 DORN 8CON OHM +@ « i oo) RRA > 
AAw FOdMEHLEES Oden) © Oc stl) OdbWLI = * OCWIN © 2 Odie ont < oooodN 
AAHD BOQ ssWh COMO COrwnn Ath «= Orth) ae "Cr sa ow x. ceeee KE 
CoCo re AMDT 7 NOoOOm ee SNCMH M UONOHD WM MMODO © MRM OC Lael coooKt.) 
NOD CNALCNHNOY VLAMOMND FEAMOMWM AAMArowo NVRMrrwn WXOTMWM & al i: 
CoownD QOwmuondt ONnMmao COvornNn ornnrr Oraonr AADNOD wW ee e ele UD 
wee @ earner wns *~OOOw ef PHD? MON eX NO Wo RCEMMWORO Oe eee fe) HHREHO x 
Ce Leterme HAMOON SANOFE HAHA HAMNONN BX HOt CAHATAMN po Fe BS Pe re be i) 
Kee HUWINMOEN UIA © 6 UL we 6 CUS 6 OM OL ONO UB OE et LaAnn & oeoe > Cc 
fold Oo e ore Oe erttoer @ eh UD e CHE PDO 0 BC eeeC es Fee PO AMAMN O >< 
ZTVUBOWMW YNervvrvrod YNewrwd YNwvrrvvo YQeeewo Yeeewoe Ney wr SaAADD CCC AKOM 
> JIMA OD CMLHAOSOMLHODOOMLHOSTIOMLNHS OOGMWHOIDOONE oc Owoawe 2 
Rn el ee Oe | | | oo WidkiIWIME WD F 
CURNALLACOOHWVAAATOONVACAKRKOOVAALTLOOVSLACATCLOOVAAKKOCKAMaA O FU2Zkw ta a & 
He Oe RHA ORB XX ORR HOO ORR RHO RHE eee eee he AUP > Ws =) 
THT) Va Wh) -<CWWWh) ~CWWW ~RwWw) ~DWW) OW) EW eer OO 1 FO 
ORRE HU ZWOLWHHUZWOREHHUZWOLEHHUZWOLHRUZWORHHUAWOZWZUH FN LbhbkrO HF WZ 
Oo HM 2QPPrOHM BO>=SrOHw 222 PUN J> SUN DOP? UH Joe ru >> dy Lo Lae Lee leed ood CR: GU © 4 | 
nA A A A A aA A A &O x 
ww ot ou ot ot on nO He OO Oo fF 
Hol owt Nn omit wv wm wo °o N 
HN Ne Ne Ne Ne Ne aN ee 4 Ve 
* al ” + * * * * 3% HH + 
uv UU Vv LS) Vv 15) YU u YVVUVYU AaAaAVOU 


APPENDIX 3 


CONVERSION TABLE FOR AIDJEX DAYS 
TO CALENDAR DAYS 


For the main experiment, AIDJEX adopted a convention of number- 
ing days consecutively, beginning with day 1 = 01 January, 1975 and ending 
with day 500 = 14 May, 1976. 

In the conversion table, the first column is the AIDJEX day, the 
second is the corresponding day of 1975 or 1976 and the third entry is the 


calendar date. 
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RESULTS 


The following section of the data report provides all of the absolute 
velocity PCM data taken at camp Caribou during the 1975-76 Arctic Ice Dy- 
namics Joint Experiment. Numerical listings and corresponding plots of the 


data are given. 
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PCM STATION LISTINGS 


The station listing shows all stations taken at the camp along with 
other pertinent information. Stations that have been digitized are indicated 
by the word "PLOT", stations that are listed with "TSER" ("time series” or 
" ") were not digitized primarily due to lack of relative speeds. Param- 


eters at the top of each page imply the following: 


CAMP Name of manned camp 
STAT PCM station 
CODE Processing code, see above 
DY day 
MON month 
YR year 
TIME GMT time of station 
AJXDAY AIDJEX day (decimal) of station, 
see Appendix 3 
DEPTH maximum depth (meters) obtained 
at station 
N. VEL north component of ice velocity 
(+ implies North, - implies South) 
E. VEL east component of ice velocity 
(+ implies East, - implies West) 
LATITUDE latitude of station in decimal degrees 
LONGITUDE longitude of station in decimal degrees 
(- implies West longitude) 
LT. ERR error of latitude position in meters 
LG. ERR error of longitude position in meters 
VN. ERR error in north component of ice 
velocity in cm/sec 
VE. ERR error in east component of ice 
velocitv in cm/sec 
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‘The oceanographic program of the 1975-1976 ARCTIC ICE DYNAMIC 
JOINT EXPERIMENT (AIDJEX) was designed to investigate the Arctic 
Ocean on space scales of 100 kilometers in the horizontal and hun 
dreds of meters in the vertical. This was accomplished with 
oceanographic observations from a triangular array of three small 
er manned satellite camps with a centrally located larger main 
camp. The radio call signs of the satellite camps were Caribou, 
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Blue Fox, and Snowbird, the main camp heing designated Big Bear. 

Profiles of relative current speed and direction were meas- 
ured twice each day between the surface and 200 meters at each 
of the four camps. A profiling current meter (PCM) with speed, 
direction and depth sensors was lowered and retrieved with a 
Multi-conductor cable at a slow rate of 5 meters per minute. 
Sensor signals were transmitted by cable to be recorded graph~ 
ideally and digitally at the surface. Digital recording of the 
data at a slow rate of 1 scan per half minute along with a low 
signal-to-noise ratio made it preferable to manually digitize 
the analog charts to preserve as much information as possible. -— 

The final data set consisting of absolute velocity profiles 
of speed and direction was obtained by the vector addition of 
the relative PCM profiles with the interpolated ice velocity 
based on precise satellite navigation at the time of the obser- 
vation. Data reduction problems included a hysteresis effect 
between up and down traces due to cable angle, directional spikeg 
resulting from a rapid sensor package rotation, and spurious 
results when low velocities are added vectorially. 

Relative speed between the ice and water in the upper mixed 
layer is often small indicating that this layer closely follows 
the ice motion. Persistent large clockwise shears in relative 
current direction occur sometimes in the mixed layer, attaining 
up to 540 degrees of rotation. These are best seen in the rela- 
tive velocity data. Upon the addition of the ice velocity vec- 
tor, to produce absolute velocities, the smooth relative direc- 
tional shear of the Ekman spiral then exhibits local shears and 
speed minimums. This is due to the directions and speeds in the 
spiral being opposite or nearly opposite to the ice velocity vec 
tor and of comparable magnitude. 

One of the most striking features of the current profiles 
is the appearance from time to time of swift currents below the 
mixed layer with speeds attaining 60 cm/sec. The depth of maxi- 
mum velocity ranges from 80 to 190 meters. Although evidence of 
swift transient undercurrents had been observed in the Arctic 
Ocean as early as 1937, it was not until 1974 that these cur- 
rents were shown to be associated with mesoscale eddies. 

This data report deals only with the absolute velocity data 
obtained from the profiling current meter at Camp Caribou. PCM 
data for Camps Blue Fox, Snowbird and Big Bear are in separate 
volumes(Manley et al .,1980). Data reports pertaining to the 
salinity~temperature-depth(STD)data taken at the manned AIDJEX 
camps are also in separate volumes (Bauer et al.,1980). 
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